Cultured fibroblasts were shown to oxidize glycine to CO 2 -Isoleucine (10 HIM) inhibited glycine oxidation to CO 2 by about 60% in a concentration range of from 0.025 to 10 mM glycine in fibroblasts grown from a patient with ^-ketothiolase deficienty. Glycine oxidation by control cell lines was not inhibited by isoleucine. These studies demonstrate an interrelation between isoleucine catabolism and glycine oxidation in fibroblasts cultured from a patient with the ketotic hyperglycinemia syndrome.
Introduction
Since its original description by Childs et at. [2] , the "ketotic hyperglycinemia" syndrome has been shown to be associated with three different defects in the pathway from isoleucine to succinyl-CoA. The sister of Childs' original patient was demonstrated to have propionyl-CoA carboxylase deficiency [4] , other cases have been described with methylmalonyl-CoA mutase deficiency [8] , and, recently, a patient was described who appeared to have /J-ketothiolase deficiency [3] . All three of these defects have been associated with increased excretion of products in the isoleucine degxadative pathway prior to propionyl-CoA. Tiglic acid was identified with propionyl-CoA carboxylase deficiency [7] and /3-ketothiolase deficiency [3] . Butanone or a-methylacetoacetate, or both together, have been found in association with propionyl-CoA carboxylase deficiency [6] , methylmalonyl-CoA mutase deficiency [8] , and /?-ketothiolase deficiency [3] . a-Methyl-/3-hydroxybutyrate was found in the patient with /?-ketothiolase deficiency [3] .
There has never been a satisfactory explanation of the elevated levels of glycine in serum and urine of patients with these disorders of isoleucine metabolism. The high and sustained glycine elevation in the patient with /3-ketothiolase deficiency prompted investigation of the interrelation between the isoleucine degradative pathway and glycine metabolism. These studies were carried out in cultured fibroblasts.
Materials and Methods
Skin biopsy explants from the patient and their subcultures were grown in nutrient medium F-12 [9] which contained 10% fetal calf serum, 30 mM HEPES, HILLMAN, SOWERS, AND COHEN pH 7.6, penicillin, 100,000 U/liter, and streptomycin, 100 mg/liter. This medium contains only 4 mg isoleucine/liter. Fibroblasts were grown to conftuency in Bellco roller bottles (1,410 cm 2 ), harvested with 0.25% trypsin, washed twice with isotonic saline, and then centrifuged at 500 x g before resuspension in the media used in the incubation studies.
Fibroblasts from three control patients were prepared in the same manner as the cells of the patient but were also grown in Eagle's minimum essential medium [9] which contains 52.5 mg isoleucine/liter. As noted in a previous report [3] , the fibroblasts of the patient could not be maintained in this relatively high isoleucine medium.
Incubation studies were carried out with cell suspensions which contained 0.5-1 mg cell protein/ml Krebs phosphate buffer (pH 7.4). The incubation tubes were gassed with 100% oxygen before sealing. Cells were incubated for 3 hr at 37°. Glycine was added at the beginning of the incubation period in a concentration range of 0.025-10 mM. All tubes contained 2.5 /xCi of (U-14 C) glycine [10] . When the effects of isoleucine on glycine oxidation were studied, 10 mM isoleucine was added either 1 hr before or concurrently with the incubation study. At the end of the incubation period the incubation tubes were placed in ice, 1 ml NCS [11] was injected into a tube suspended above the incubation mixture to collect 14 CO 2 , and 1 ml 6 N H 2 SO 4 was added to the incubation mixture. The tubes were left at room temperature (about 20°) for 2 hr before duplicate samples of NCS were removed for counting in a liquid scintillation counter.
All results represent the mean ± SEM of 8-12 independent determinations.
Results
Over the range of glycine concentrations studied (0.025-10 mM), 10 mM isoleucine inhibited glycine oxidation by the fibroblasts of the patient by about 60% (Table I) . Inhibition was observed whether the isoleucine was added at the same time as the glycine or 1 hr before the glycine was added. However, the simultaneous addition of isoleucine and glycine produced greater variation in the degree of inhibition than did preincubation with this amino acid.
Oxidation was greater by the control cell lines than by the fibroblasts of the patient at all concentrations of glycine except 10 mM (Table II) . Isoleucine did not inhibit glycine oxidation by fibroblasts grown from normal persons at any point in this concentration range.
Control cell lines grown in Eagle's minimal essential medium (52.5 mg/liter isoleucine) showed less than 10% of the glycine oxidation seen when the same cell lines were grown in medium F-12 (4 mg/liter). This dramatic difference emphasizes the need to use standard growth conditions to carry out reproduction of studies of amino acid metabolism in cultured mammalian cells.
Discussion
Isoleucine had a profound effect on the oxidation of glycine to carbon dioxide by fibroblasts grown from a patient with an enzyme defect in the isoleucine degradative pathway. This effect was seen when the fibroblasts of the patient were subjected to only short term incubations with isoleucine. Inhibition was seen over a 400-fold range of glycine concentrations, 0.025-10 HIM. Glycine oxidation by normal fibroblasts was not inhibited by similar short term exposure. The exact nature of the inhibitor substance is not clear from these studies. Isoleucine itself would not appear to be effective. This thesis is evidenced by the lack of inhibition of glycine metabolism by isoleucine in the control lines during short term incubation and is supported by the lack of hyperglycinemia or hyperglycinuria in patients with maple syrup urine disease. Because of their accumulation in all three of the enzyme deficiencies associated with hyperglycinemia, the last three products of isoleucine metabolism before propionate formation, tiglyl-CoA, a-methyl-^-hydroxybutyryl-CoA, and a-methylacetoacetyl-CoA, must be studied further.
However, even if one of these three products is the inhibitor, the mechanism of the inhibition is not clear. Although the data do not rule out competitive inhibition of glycine oxidation by isoleucine, simple competition between these amino acids seems unlikely. When the isoleucine concentration was kept constant and the glycine concentration was increased by 400-fold, inhibition of glycine oxidation actually increased slightly, from 57 to 69%, rather than decreased. Whether the inhibition represents a transport phenomenon, a direct inhibition of an enzyme in the glycine metabolic process, or some other mechanism requires further investigation.
Glycine oxidation in normal fibroblasts is influenced by growth conditions and was considerably reduced in cells cultured for several passages in Eagle's minimal essential medium. The mechanism of this decrease is presently unclear. However, these observations may explain the conclusion of Ando el al. [1] that glycine is not oxidized in cultured fibroblasts.
Summary
Isoleucine (10 HIM) was found to inhibit glycine oxidation to CO 2 over a concentration range from 0.025 to 10 mM in fibroblasts which were grown in a low isoleucine medium and which had been obtained from a patient with ketotic hyperglycinemia. No inhibition of glycine metabolism was seen in fibroblasts obtained from control subjects and grown in the same medium. These studies demonstrate an interrelation between isoleucine catabolism and glycine oxidation, but do not indicate the mechanism of the inhibition.
